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Abstract 
Fig fruit is a good source of minerals and crude fibers. The dark-colored fig 
cultivars rich in anthocyanins are also known with their high polyphenol content. 
However, although there are many different dark-colored fig cultivars grown in 
Turkey, the dried fig industry has traditionally been concentrated on drying of several 
yellow-colored fig cultivars. The aim of this study is to determine the effects of sun-
drying and oven-drying on some general characteristics, phenolic content and 
antioxidant capacity of 2 dark-colored (black) and 2 light-colored (yellow) fig 
cultivars selected from genetic collection of Turkish Fig Research Institute. The figs 
were obtained by harvesting at the semi-dry stage at 40-50% moisture content and 
applying sun-drying or oven-drying to reach final moisture content between 20 and 
26%. The sun-drying was conducted on mats for 2-3 days under the sun while the 
oven-drying was applied for 12 h at 60°C and at the air velocity of 0,5 m s-1. The result 
of the study clearly showed almost 1,5-2 fold higher total phenolic content and ABTS 
free radical scavenging based antioxidant capacity of fresh dark-colored figs than 
fresh light-colored ones. The drying had almost no negative effects on the total 
phenolic content of both dark- and light-colored figs. The drying also did not have a 
negative effect on antioxidant capacity of light-colored figs, but it caused a limited 
reduction (between 20 and 30%) in antioxidant capacity of dark-colored figs due to 
the well-known heat labile nature of their color compounds anthocyanins. The use of 
sun-drying or oven-drying did not have a considerably different effect on final 
phenolic contents and antioxidant capacities of dried figs. This study clearly showed 
that it is possible to obtain phenolic rich dried figs by use of dark colored fig cultivars 
such as TR1101 and TR1102. 
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INTRODUCTION 
The	 fig	 is	 an	 important	 constituent	 of	 the	 classical	 Mediterranean	 diet	 which	 is	
considered	to	be	one	of	the	healthiest	and	is	associated	with	longevity	(Trichopoulou	et	al.,	
2006).	Figs	are	rated	among	natural	functional	foods	due	to	their	considerably	high	dietary	
fiber	 and	 macro‐micro	 nutrients.	 Particularly,	 the	 dark‐colored	 (red	 or	 black)	 figs	 are	
excellent	sources	of	phenolic	compounds,	such	as	proanthocyanidins	(Vinson,	1999).	In	fact,	
some	colored	fig	cultivars	might	contain	higher	phenolic	contents	than	well‐known	sources	
of	phenolic	compounds	such	as	red	wine	and	 tea	(Vinson	et	al.,	1998).	However,	 the	short	
shelf‐life	of	fresh	figs	limits	the	trade	of	different	cultivars	with	high	functional	properties	in	
the	global	market.	
The	 drying	 is	 an	 optimal	 solution	 to	 obtain	 shelf‐stable	 figs	 and	 fig	 products.	 Also,	
dried	 fruits	 have	more	 polyphenols	 and	 antioxidant	 content	 compared	 to	 the	 fresh	 fruits	
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(Vinson	 et	 al.,	 2005).	 Different	 drying	methods	 including	 oven	 drying	 and	 sun	 drying	 are	
applied	 for	 drying	 of	 figs,	 but	 the	 best	 sugar/organic	 acid	 ratio	 is	 obtained	by	 sun‐drying	
that	 is	 applied	 to	 semi‐dried	 fruits	 that	 ripens	 and	 wrinkles	 on	 the	 tree	 and	 falls	 down	
spontaneously	 to	 the	 ground	 (Özen	 et	 al.,	 2007).	 Although	 Turkey	 has	many	 different	 fig	
cultivars,	only	two	types	of	light‐colored	figs	are	used	for	industrial	drying	purposes.	In	the	
California	six	kinds	of	figs	are	cultivated	for	the	dried	fig	market,	but	the	only	dark‐colored	
cultivar	used	commercially	is	the	‘Black	Mission’	cultivar	(Haug	et	al.,	2013).	
Recent	studies	showed	that	there	is	a	significant	correlation	among	peel	color	of	 figs	
and	 their	 phytochemical	 content	 and	 resulting	 antioxidant	 capacities	 (Çalışkan	 and	 Polat,	
2011;	 Solomon	 et	 al.,	 2006).	 For	 example,	 black	 colored	 cultivars	 have	 three	 times	higher	
antioxidant	 capacity,	 five	 times	 higher	 anthocyanin	 contents	 and	 two	 times	 higher	 total	
phenolic	contents	than	yellow	and	green	cultivars	(Kösoğlu	et	al.,	2013)	Thus,	it	is	clear	that	
the	 increase	 of	 the	 use	 of	 ignored	 dark‐colored	 fig	 cultivars	 in	 drying	 could	 increase	 the	
trade,	consumption	and	potential	health	benefits	obtained	from	colored	fig	fruits.	
The	 aim	 of	 the	 present	 study	 is	 to	 compare	 the	 general	 characteristics,	 total	
polyphenol	 contents	and	antioxidant	 capacities	of	 two	dark‐colored	 (black)	and	 two	 light‐
colored	 (yellow)	 fig	 cultivars	 selected	 from	 genetic	 collection	 of	 Turkish	 fig	 research	
institute.	The	figs	were	tested	when	they	were	fresh	and	after	sun‐drying	and	oven‐drying.	
This	 work	 makes	 a	 contribution	 in	 that	 it	 showed	 the	 sharp	 differences	 in	 bioactive	
potentials	of	dark‐colored	and	light‐colored	figs	and	it	determined	the	effects	of	industrially	
important	drying	methods	on	bioactive	constituents	of	dark‐colored	figs.	
MATERIALS AND METHODS 
Materials 
The	 dark‐colored	 (TR1101,	 TR1102)	 and	 the	 light‐colored	 (TR1029	 (‘Sarılop’),	
TR1098	(‘Sarızeybek’))	fig	cultivars	were	obtianed	from	the	collection	garden	of	fig	research	
institute	 (Aydın,	 Turkey).	 The	 fresh	 fully	 ripe	 fruits	 were	 harvested	 and	 fresh	 fruit	
characteristics	 were	 determined.	 The	 fruits	 to	 be	 dried	 were	 kept	 on	 the	 trees	 for	 over‐
ripening	and	harvested	after	the	moisture	content	decreased	to	40‐50%	between	July	25	and	
September	5.	The	harvested	fruits	were	used	in	sun‐drying	or	oven‐drying	studies.	The	fresh	
and	dried	fig	samples	were	stored	at	‐20°C	until	used	for	analysis.	ABTS	(2,20‐azino‐bis‐(3‐
ethylbenz‐thiazoline‐6‐sulfonic	 acid))	 and	 gallic	 acid	 (3,4,5‐trihydroxybenzoic	 acid)	 were	
purchased	 from	 Sigma	 Chem.	 Co.	 (St.	 Louis,	 Mo.,	 USA).	 Trolox	 (6‐hydroxy‐2,5,7,8‐
tetramethylchroman‐	2‐carboxylic	acid)	was	purchased	from	Fluka	(Switzerland).	
Drying processes 
Two	methods,	sun‐drying	and	oven‐drying,	were	used	to	obtian	the	final	dried	figs	at	
moisture	content	between	20	and	26%.	In	the	sun‐drying	the	semi‐dried	figs	were	dried	for	
2‐3	days	under	the	sun.	In	the	oven	drying	the	semi‐dried	figs	were	kept	in	the	oven	for	12‐
16	h	at	60°C	and	at	the	air	velocity	of	0.5	m	s‐1.	
Physicochemical analysis 
The	moist	contents	of	figs	were	determined	with	DFA‐Dried	Fruit	Analysis,	California.	
The	surface	colour	of	dried	figs	was	measured	for	20	dried	figs	with	Minolta	CR‐400,	Japan.	
Total	 soluble	 solids	 (TSS)	 content	 was	 determined	 with	 a	 refractometer	 (Atago	 PAL‐3,	
Japan).	The	titrable	acidity	(TA)	was	determined	by	titration	with	0.1	N	NaOH.	The	results	of	
TA	were	expressed	as	g	citric	acid	100	g‐1	of	fresh	weight.	The	peel	thickness	was	measured	
with	a	digital	kumpas	(Astor	300,	Germany).	Sensory	evaluation	was	performed	with	a	panel	
group	consisting	of	25	people	among	experienced	fig	research	institute	staff.	
Extraction of phenolic compounds 
A	two	step	extraction	process	was	applied	to	obtain	first	the	aqueous	extract	and	then	
the	 ethanolic	 extract	 that	 contain	 hydrophilic	 and	 lipophilic	 phenolic	 compounds,	
respectively.	The	aquous	extract	was	obtained	by	homogenization	of	100	g	fresh	or	20	g	dry	
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fig	 sample	 with	 60	 mL	 of	 cold	 water	 (4°C)	 in	 a	 Waring	 blender	 for	 2	 min.	 Then,	 2	 g	 of	
homogenat	 was	mixed	 with	 12	mL	 of	 additional	 cold	 water	 and	 the	 slurry	 obtained	was	
further	homogenized	in	a	disperser‐homogenizer	(IKA‐T	18,	Brasil)	at	18,000	rpm	for	2	min.	
The	 final	 homogenate	was	 then	 centrifuged	 at	 4600	 ×	 g	 at	 4°C	 for	 20	min.	 The	 collected	
supernatant	containing	the	aquous	extract	was	filtered	and	kept	in	an	ice	water	bath.	On	the	
other	hand,	 the	ethanolic	extract	was	prepared	by	suspending	 the	pellet	 in	12	mL	ethanol	
(96%)	 and	 homogenizing	 this	 suspension	 in	 disperser‐homogenizer	 at	 18,000	 rpm	 for	 4	
min.	The	extract	was	then	clarified	by	centrifugation	at	4600	×	g	at	4°C	for	15	min.	This	clear	
extract	cocntaining	the	ethanolic	extract	was	kept	in	an	ice‐water	bath.	
Total antioxidant activity 
Trolox	equivalent	antioxidant	capacity	 (TEAC)	of	aqueous	and	ethanolic	 figs	extracts	
were	determined	spectrophotometrically	(PG,	Model	T80,	United	Kingdom)	according	to	the	
method	of	Re	and	others	(1999)	by	monitoring	ABTS	radical	cation	decolourization	caused	
by	test	samples	at	734	nm.	The	total	antioxidant	activity	of	figs	was	determined	by	finding	
the	sum	of	aqueous	and	ethanolic	extracts.	
Total phenolic content 
The	 phenolic	 content	 of	 the	 aqueous	 and	 ethanolic	 fig	 extracts	 was	 determined	
spectrophotometrically	 according	 to	 the	 Folin‐Ciocalteu	 procedure	 of	 Singleton	 and	 Rossi	
using	 Folin‐Ciocalteu	 as	 reactive	 reagent	 and	 gallic	 acid	 (GA)	 as	 standard	 (Singleton	 and	
Rossi,	 1965).	 The	 total	 phenolic	 contents	 of	 figs	 were	 determined	 by	 finding	 the	 sum	 of	
phenolic	contents	for	aqueous	and	ethanolic	extracts.	
Statistical analysis 
The	statistical	analysis	was	conducted	by	analyzing	data	 for	 the	analysis	of	variance.	
Significant	 differences	 among	 means	 were	 determined	 by	 the	 least	 significant	 difference	
(LSD)	with	a	significance	level	of	0.05.	
RESULTS AND DISCUSSION 
Characteristics of fresh and dried figs 
The	 photos	 of	 two	 dark‐colored	 and	 two	 light‐colored	 fresh	 fruits	 are	 presented	 in	
Figure	1	while	some	general	characteristics	of	fresh	fruits	are	presented	in	Table	1.	
	
Figure	1.	 Photos	 of	 two	 dark‐colored	 and	 two	 light‐colored	 fresh	 fruits.	 (A:	 TR1101,	 B:	
TR1102,	C:	TR1029,	D:	TR1098).	
Table	1.	Analysis	results	of	TA,	pH	and	TSS	values	in	fresh	fruit	samples.	
Sample code TA (%) pH TSS (%)
TR1101	 0.16 5.4 26.27
TR1102 0.29 4.8 25.13
TR1029 0.14 4.9 20.23
TR1098 0.21 4.8 24.00
The	titrable	acidity	of	 fresh	fruits	showed	some	variation	and	changed	between	0.14	
and	0.29%	while	the	pH	of	the	fresh	fruits	showed	less	variation	and	changed	between	4.8	
and	5.4.	The	total	soluble	solids	(TSS)	content	of	dark‐colored	fresh	fruits	were	quite	similar,	
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but	slightly	to	moderately	higher	than	those	of	light‐colored	fresh	fruits.	However,	it	should	
be	reported	 that	 these	physicochemical	values	are	consistent	with	 those	data	reported	 for	
mature	fresh	figs	in	the	literature	(Şahin	et	al.,	2001;	Kösoğlu	et	al.,	2013).	
The	major	characteristics	of	sun‐dried	fruits	are	presented	in	Table	2.	Due	to	the	large	
size	 of	 light‐colored	 fruits,	 the	 final	 weights	 of	 dried	 dark‐colored	 fruit	 cultivars	 were	
considerably	lower	than	those	of	the	dried	light‐colored	ones.	The	final	moisture	contents	of	
the	fruits	changed	between	24.2	and	28.6%,	while	the	final	TSS	and	titrable	acidities	of	fruits	
varied	between	66.5	and	71.5%,	and	0.70	and	1.13%,	respectively.	It	is	worth	to	report	that	
there	were	 almost	 no	 differences	 among	 the	 taste	 scores	 of	 dark‐	 and	 light‐colored	 dried	
figs.	 This	 finding	 is	 important	 since	 the	 light‐colored	 figs	 used	 in	 this	 study	 are	 the	main	
commercial	 fig	cultivars	 that	sun‐dried	and	exported	 from	Turkey.	The	skin	 thicknesses	of	
dark‐colored	figs	were	also	quite	similar	with	those	of	light‐colored	fruits	which	are	already	
used	successfully	for	sun‐drying.	
Table	2.	Some	physicochemical	and	sensory	properties	of	the	dried	fruit	samples.	
Sample 
code 
Fruit 
weight 
(g) 
Overall 
taste 
(1-7) 
Skin 
thickness 
(mm)
Fruit 
colour 
(L)
Moisture 
(%) 
TSS 
(%) 
TA 
(%) 
TR1101	 16.8±0.9 b	 6.0±1.0 a	 1.14±0.37 b	 24.1±5.5 c	 27.1±1.4 b	 66.5±2.5 b	 0.95±0.16 b	
TR1102	 11.7±1.7 c	 5.2±1.8 b	 1.10±0.43 b	 25.1±6.6 c	 24.2±1.3 c	 67.2±4.0 b	 1.13±0.11 a	
TR1029	 23.4±2.1 a	 6.1±0.9 a	 1.17±0.43 b	 60.4±9.8 a	 24.7±0.5 c	 71.5±2.7 b	 0.88±0.19 b	
TR1098	 22.4±1.2 a	 5.7±1.2 ab	 1.38±0.70 a	 52.9±9.9 b	 28.6±0.6 a	 67.8±3.8 b	 0.70±0.07 c	
The values in the same column are grouped according to P≤0,05 with LSD test. 
Phenolic content and antioxidant capacity of fresh figs 
The	results	for	total	phenolic	contents	and	antioxidant	capacities	of	fresh	dark‐colored	
and	light‐colored	figs	are	presented	in	Table	3.	The	total	phenolic	contents	and	antioxidant	
capacities	of	fresh	figs	showed	a	great	variation	and	changed	between	250,6	and	574,3	mg	
GA	100	g‐1	d.w.,	and	55,5	and	144,3	mg	GA	100	g‐1	f.w.,	and	346.1	and	858.6	µmol	Trolox	100	
g‐1	d.w,	and	70	and	216	µmol	Trolox	100	g‐1	f.w,	respectively.	As	expected,	the	dark‐colored	
fresh	figs	showed	almost	1,5‐2,3	fold	higher	total	phenolic	content,	and	1,9	to	3,0	fold	higher	
antioxidant	 capacity	 than	 the	 light‐colored	 fresh	 fig	 cultivars.	 The	 total	 phenolic	 contents	
reported	 in	 the	 present	 study	 were	 very	 close	 to	 the	 range	 of	 total	 phenolic	 contents	
reported	 by	 Çalışkan	 and	 Polat	 (2011).	 These	 workers	 studied	 with	 76	 fresh	 figs	 from	
eastern	Mediterranean	coast	of	Turkey	and	reported	that	the	total	phenolic	contents	of	figs	
varied	 between	 69,1	 and	 220	mg	 GAE	 100	 g‐1	 f.w.	 (compare	with	 f.w.	 results	 in	 Table	 3).	
Kösoğlu	et	al.	 (2013)	also	studied	the	total	phenolic	contents	of	233	fig	cultivars	grown	in	
Turkey	and	determined	that	the	phenolic	contents	of	figs	varied	between	18,28	and	193,10	
mg	100	g‐1	f.w.	
Effect of different drying method on phenolic content and antioxidant capacity of 
dried figs 
The	results	for	total	phenolic	contents	and	antioxidant	capacities	of	dried	dark‐colored	
and	 light‐colored	 figs	 are	 also	 presented	 in	 Table	 3.	 The	 total	 phenolic	 contents	 and	
antioxidant	capacities	of	dried	figs	also	varied	considerably	and	changed	between	245,6	and	
553,7	mg	 GA	 100	 g‐1	 d.w.,	 and	 169	 and	 375,4	 GA	 100	 g‐1	 f.w.,	 and	 387.3	 and	 674.6	 µmol	
Trolox	100	g‐1	d.w,	and	278,8	and	447	µmol	Trolox	100	g‐1	f.w.,	respectively.	The	dark‐colored	
dried	figs	showed	almost	1,4‐2,3	fold	higher	total	phenolic	contents	than	the	light‐colored	fig	
cultivars.	However,	the	drying	caused	15‐30%	reduction	in	the	antioxidant	activity	of	dark‐
colored	 figs	 due	 to	 the	 possible	 degradation	 of	 heat	 labile	 anthocyanins	 in	 these	 figs.	 The	
degradation	 of	 anthocyanins	might	 cause	 polymerization	 of	 the	 phenolic	 compounds	 and	
this	might	reduce	the	accessibility	of	free	radical	scavenging	groups.	On	the	other	hand,	it	is	
also	worth	to	report	that	the	antioxidant	activity	of	 light‐colored	figs	increased	15‐35%	by	
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drying.	It	seemed	that	the	increased	antioxidant	activity	of	light‐colored	figs	by	drying	was	
due	to	the	formation	of	Maillard	reaction	products	which	are	known	with	their	free	radical	
scavenging	capacities	(Cemeroğlu	and	Acar,	1986).	However,	besides	all	these	disadvantages	
the	use	of	dark‐colored	fig	cultivars	in	drying	still	caused	15‐74%	higher	antioxidant	activity	
than	the	use	of	light	colored	figs	in	drying.	On	the	other	hand,	it	should	also	be	reported	that	
in	 three	 of	 four	 fig	 cultivars	 no	 significant	 differences	were	 found	 in	 phenolic	 content	 or	
antioxidant	activities	of	figs	dried	by	sun‐drying	and	oven‐drying.	
Table	3.	Phenolic	content	and	antioxidant	activities	of	fresh	and	oven	dry	and	sun	dry	figs.	
Sample 
code 
Drying 
method 
Total phenolic (AE+EE1) 
(mg GA 100g-1)
Antioxidant activity (AE+EE) 
(µmol trolox 100g-1) 
FW2 DW FW DW 
TR1101 Sun dried 274.41±28.51 d 421.75±41.42 d	 418.35±5.29 abc	 645.80±16.13 b	
Oven dried 339.25±14.60 b 498.89±21.48 b	 445.28±6.91 ab 654.82±10.16 b	
Fresh	 105.08±4.82 h 400.13±20.98 d	 208.20±6.84 f	 793.31±30.61 a	
TR1102 Sun dried 305.40±7.72 c 459.98±8.71 c	 406.08±38.51 bc	 614.41±47.18 bc	
Oven dried 375.39±19.98 a 553.72±59.92 a	 446.97±9.69 a	 674.55±38.97 b	
Fresh	 144.32±2.50 g 574.28±13.73 a	 215.99±11.97 f	 858.57±40.09 a	
TR1029 Sun dried 186.92±8.68 ef 259.61±12.05 ef	 332.76±4.38 d	 462.16±6.08 d	
Oven dried 193.25±4.56 e 272.54±9.26 ef	 278.83±3.85 e	 387.26±5.34 e	
Fresh	 55.54±3.11 ı 274.46±13.07 ef	 70.03±6.15 g	 346.08±32.92 e	
TR1098 Sun dried 168.96±0.43 f 245.60±2.27 f	 319.62±10.01 d	 467.21±11.90 d	
Oven dried 193.52±4.49 e 289.82±5.72 e	 385.24±11.96 c	 564.93±19.19 c	
Fresh	 60.15±1.15 ı 250.64±5.82 f	 99.40±1.24 g	 415.05±6.02 de	
1AE: aqueous extract, EE: ethanolic extract. 
2FW: fresh weight, DW: dry weight. 
The values in the same column are grouped according to P≤0,05 with LSD test. 
CONCLUSIONS 
This	 study	clearly	 showed	 the	significantly	higher	phenolic	 contents	and	antioxidant	
capacities	 of	 dark‐colored	 figs	 than	 the	 traditionally	 grown	 light‐colored	 fig	 cultivars.	 The	
drying	did	not	have	a	considerable	negative	effect	on	total	phenolic	content	of	figs.	However,	
heat	 induced	 changes	 in	 nature	 of	 phenolic	 compounds	 caused	 15‐30%	 reduction	 in	
antioxidant	activity	of	dark‐colored	 figs.	The	overall	results	still	 strongly	 indicate	 the	good	
potential	of	using	dark‐colored	figs	in	drying	and	obtaining	dried	figs	with	higher	bioactive	
potential.	
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